SUMMARY : Solutions containing pectic materials were digested by solutions from cultures of 25 bacteria and examined chromatographically for breakdown products.
In an accompanying paper (Smith, 1958) the results of screening a number of cultures of bacteria for production of pectic enzymes have been described.
To obtain further information on the nature of the enzymes concerned the products of digestion of pectic materials by some of the bacteria were examined by paper partition chromatography.
METHODS
Cultures were grown in SM1 medium (Smith, 1958) and sampled a t various times. The supernatant fluid after centrifuging was added to substrates of pectin or pectic acid a t pH 7.5 or 5.5 as for viscosity tests-in some cases the proportion of culture was increased from 74 to 10 %-and incubated for periods of up to 3 days. In most cases loss of viscosity was practically complete in the first 24 hr. but further diminution in the ethanolic precipitate occurred on longer incubation.
Samples for chromatography were concentrated and purified because tailing of the crude digests made identification of spots on the chromatograms uncertain. The following simple procedure purified the solutions by removing higher uronides and some unidentified material which practically coincided with galacturonic acid on the chromatograms. Absolute ethanol ( 5 ml.) was mixed with 5 ml. of digest and the precipitated colloidal material centrifuged off. The calcium salts of the low oligo-uronides were then precipitated by adding a drop of 1 yo CaC1, solution and 10 ml. of absolute ethanol. The precipitate was centrifuged down, drained and suspended in 1 ml. of distilled water.
Solution was completed by adding a pinch of Amberlite I.R. 120 cation exchange resin in the hydrogen form; 0.1 ml. of this solution was spotted on the chromatogram. Marker spots on the chromatograms were (a) 5pl. of a 0.5 yo (w/v) Chromatography of pectin digests
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Controls of substrate without culture filtrate were run with the test solutions, but controls of substrate +inactivated culture supernatant were omitted to obtain the maximum number of test spots on each paper. This was considered to be justified as preliminary tests had indicated that the concentrations of galacturonic acid and oligo-uronides in the culture fluids were low. Kraght & Starr (1952) have shown that galacturonic acid can be metabolized by Erwinia carotovora and so it would not be expected to accumulate in the culture medium. The conclusion that a particular culture could degrade pectic substances to low uronides would be the same whether these uronides were derived from the culture or from subsequent digestion of a substrate solution by culture supernatant.
The solvent used was a modification of the ethyl acetate +acetic acid +water system (Jermyn & With a mixture of equal volumes of the three components galacturonic acid moved approximately 30 cm. when developed (descending) overnight on Whatman no. 1 paper. The di-, tri-and tetrauronides were spaced behind the galacturonic acid so that there was a constant ratio of 0-76-0.84 between the distances moved by successive members of the series. After development the papers were dried, sprayed with benzidine + trichloroacetic acid reagent (Roelofsen, 1953) and heated a t 90°-1050 for 10 min. Under these conditions 5 pg. galacturonic acid gave a definite brown * spot.
RESULTS
The results are summarized in Table 1 .
To confirm the presence of galacturonic acid and obtain some idea of the concentration the Dische (1947) reaction was applied ,to some of the solutions used for chromatography. By comparison with standard solutions of galacturonic acid it was estimated that some 10% of the original pectic material was present as monomer or dimer in digests by soft-rot Erwinia spp., with individual cultures ranging from 2 yo to 20 yo.
DISCUSSION
These results show that, like fungi and yeasts, some bacteria produce enzymes capable of breaking down pectic substances to galacturonic acid and the low oligo-uronides. This faculty is distributed similarly to the ability to produce pectin methyl esterase (PME) but there are some exceptions-galacturonic acid is liberated in the absence of detectable PME by one strain of Erwinia carotovora and by Bacillus polymyxa, Klebsiella aerogenes, Pseudomonas marginalis, P . medicaginis, whilst the strain of Xanthomonas vasculorum which produced PME did not liberate low uronides.
Pectic enzymes produced by the soft-rot Erwinia spp. Kraght & Starr (1953) have shown that Erwinia carotovora produces PME and PG activity which, by measurement of increase in reducing power, has a pH optimum of 5.8: the viscosity and ethanol precipitability of pectin solutions were also 44 W. K . Smith 
Galacturonides liberated
(2) May include di-, tri-, tetra-, penta-galacturonic acids.
(3) Includes E. aroideae, E . atroseptica, E . phytophlhora.
destroyed. Wood (1951,1955a) has described preparations of E . aroideae which destroyed the viscosity of pectin and pectic acid most rapidly at pH values above 7. They also liberated reducing groups but no galacturonic acid could be detected in the products and PME was absent or negligible in amount. In the present investigations (Smith, 1958 ) no qualitative differences have been found in the pectic enzymes produced by the various soft-rot bacteria-E . aroideae, E. atroseptica, E . carotovora, E. phytophthora; all produce PME, destroy the viscosity and ethanol precipitability of pectin and pectic acid solutions and liberate galacturonic acid from pectic substances. Destruction of viscosity is more rapid a t pH 7.5 than 5.5, but, in some cases, activity at the lower pH is sufficient to suggest the presence of a-PG. Whilst it thus appears that the soft-rot Erwinia spp. produce two pectin glycosidases the possibility remains that the same enzyme might have different pH optima depending upon the method of assay. The results of Phaff & Demain (1956) with a purified yeast polygalacturonase (YPG) are relevant in this connexion. YPG hydrolyses pectic acid with an optimum pH of 4-4 at which value tetra-galacturonic acid and tri-galacturonic acid are attacked very slowly. At pH 3.5 the breakdown of these uronides under the influence of YPG is accelerated many fold.
As a result lowering the pH from 4.5 to 3.5 will decrease the rate at which the viscosity of a pectic acid solution is destroyed and increase the rate of liberation of reducing substances.
Role of pectin methyl esterase in soft-rot diseases. Chromatography of pectin digests 45 low-methoxyl content. Nevertheless, it is possible that PME, directly and indirectly, plays an important part in the rotting process and might even, as its restricted distribution suggests, determine the difference between pathogenicity and non-pathogenicity.
Indirect eflect of P M E . Whether or not an infection develops into a lesion is determined by the relative speeds of the pathogenic processes of the parasite and the defensive mechanisms of the host. Anything favouring the former will increase the probability that a rot will become established. Lapwood (1957) has shown that one difference between soft-rot Erwinia spp. and some saprophytic PG-producing bacteria is the greater growth rate of the former in potato media. If, in addition, the action of the PG of the pathogens was accelerated this difference would be enhanced. Wood (19554 suggested that highand low-methoxyl pectins are degraded a t similar rates by PG from E. aroideae but the experimental figures he gave indicate important differences. Hydrolysis, relative to the theoretical maximum possible increase in reducing power, was: at 5 min., pectin, 1.7 yo; sodium pectate, 10.0 yo; at 24 hr., pectin, 19.1 yo; sodium pectate, 37.4 yo; after this little further increase occurred. These differences are hardly negligible but, in fact, indicate that demethylation increases the susceptibility of the substrate to enzymic hydrolysis. The final extent of degradation is nearly doubled, and, more significant as far as rotting is concerned, initial breakdown is more rapid.
Direct eflect of pectin rnethyl esterase. Whilst direct evidence is lacking the probable result of de-esterification of the plant pectic colloids would be to reduce their water-holding capacity (Kertesz, 1951, p. 184; Deuel & Solms, 1954) resulting in a condition similar to water-soaking. This has been shown (Fernando & Stevenson, 1952; Gregg, 1952; Lapwood, 1957) to render vegetable tissue susceptible to attack by bacteria which do not produce rots in normal tissue, e.g. Bacillus subtilis, P s e u d o m o m syringae, Flavobacterium sp .
-organisms which differ from the soft-rot Erwinia spp. in not producing PME (Smith, 1958) .
Role of pectin glycosidase in soft-rot diseases. Destruction of the colloidal pectic material of plant tissue plays an obvious part in soft-rotting and this aspect has been discussed many times (see, for example, Wood, 1955b) . Galacturonic acid, which is probably liberated, can be metabolized by E. carotovora (Kraght & Starr, 1952 term 'pectinglycosidase' seems to be more appropriate, at least until the mode of action of the various enzymes is more exactly understood. Organisms other than soft-rot Erwiniae. Little is known about the pectic conversions of the other bacteria examined, and it is difficult to assess the significance of the chromatographic findings at present. In the case of the two strains of Klebsiella aerogenes only small amounts of galacturonic acid and no higher uronides were detected. The rate a t which they reduced the viscosity of pectic solutions was slower than that of the soft-rot erwinias so that it seems possible that their enzymes operate by stepwise removal of terminal units rather than by random fission of the molecule. They would thus be similar to the galacturogenic polygalacturonase of Aspergillus niger (Saito, 1955) .
